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(54) CATADIOPTRIC SYSTEM 

(57)Abstract: 

PURPOSE: To make the aperture of a concave mirror smaller 
without deteriorating the performance of an optical system. 
CONSTITUTION: A 3rd lens group G3 having positive refracting 
power in a 1 st image-forming optical system forming the 
intermediate image of a first surface includes at least a 10th lens 
group G10 having the positive refracting power, an 1 1th lens group 
G11 having negative refracting power and a 12th lens group G12 
having the positive refracting power in order from the side of the 
first surface: and a 4th lens group G4 possesses the concave 
mirror and a negative lens component whose concave surface 
faces to the side of the first surface; and light from the first 
surface is led in order of the 10th lens group G10, the 1 1th lens 
group G11 f the 12th lens group G12, the 4th lens group G4, the 
12th lens group G12, the 11th lens group G11 and the 10th lens 
group G10, and the synthetic magnification of the 1st image- 
forming optical system and a 2nd image-forming optical system is a 
reduction magnification in this catadioptric system. 
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€rsj^/c^^x^x^<o^U'>XL II 6 t ^raf^WIcc 

thWZfoVtcS -X/7XJfct*<E>iEW>XL, , tfrh&lb 
[004 8 3 WTO)^ 1 tC*||fifiW^^7CCQffl|^^if 

r*D, ^^^w^cDganKNAiio. 57-CN&6. -e 

U^^;UR±K1*5^^SS^W3:, fil^Tfij^^Ax3&>6 
(D^#WOSia* 1 5 2^6 7 8*r<Dg$2 4r. «^ 
fSj*n 2 0<D*£JfcttT$>*. 

(0 04 9] ^1 tc^r^i^^tc*5t»rji. ft 
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d» = 100J 



10 



20 



3D 



40 



1 608. 570 

2 -535.784 

3 -767. 542 

4 581270 

5 0.000 

6 0.000 

7 0.000 

8 1932.142 

9 -50L 972 

10 2599. 069 

11 491.076 

12 883.255 

13 -2160. 911 

14 0.000 
16 -281.482 

16 -3684. 760 

17 0.000 

18 441.367 

19 3684.750 

20 28L483 

21 0.000 

22 2160.911 

23 -883.255 

24 -491- 076 

25 -299. 068 

26 SOL 972 

27 -1932. 142 

28 0.000 

29 0.000 

30 0.000 

31 3884. 731 

32 -1381.698 

33 39L 241 

34 -352. 648 

35 -340. 120 

36 348.160 

37 68KL 792 

38 490.919 

39 865.932 

40 -440.248 

41 -326. 951 



40.000 
35.737 
15.000 
35.000 
20.000 
15.000 
67.394 
40.000 

223.395 
15.000 

123.036 
30.000 

187. 657 

160.860 
15.000 
70.000 
0.000 
70.000 
16.000 

160.860 

187.657 
30.000 

123.036 
15. 000 

223.395 
40.000 
67.394 
15.000 
20.000 
80.000 
30.000 
0. 100 
30.000 
5.000 
24.000 
11.200 
24.000 
10.907 
30.000 
3.766 
35.000 



CaF| 
S i Ot 



CaFi 
S 1 o, 
S 1 o. 



s io. 

mm 

S IO. 

S I O. 
S 1 Oi 
CaF, 



s io, 

CaFi 
S 1 o, 
S 1 o, 
CaF. 
S 1 o, 



(9) 







15 




42 


-669.448 


0.100 




43 


49a 606 


35.000 


CaP, 


44 


-3123.854 


672.921 




45 


681.761 


40.000 


S 1 o. 


46 


-825L041 


8.000 




47 


0.000 


8.000 


rantfto 


48 


696. 576 


45.000 


S 1 Ot 


49 


664.912 


1.260 




50 


276.060 


72.842 


CaFt 


51 


12512.845 


18.900 




52 


-523.686 


106.927 


S I Ot 


53 


-728.219 


0.513 




54 
55 


704. 707 
-2768.356 


33.464 
0.367 


CaF, 


56 


151151 


69.820 


s s o» 


57 


131.256 


12.825 




58 
59 


148.970 
1416. 567 


44.938 
4.200 


S 1 o, 


60 


-1306.088 


22.680 


s s o. 


61 


6140.209 


1.920 




52 


1077,774 


30.410 


S I o t 


63 


604.397 


2.252 




64 


326.875 


29. m 


S 1 o» 


65 


5403.630 


15.000 





10 



20 



< 1 ) I YO/Y 1 I = 0.97 

(2) l/3|= 0.25 

(3) P4 = -0. 00689 

(4> P3+P5+P6+P7 = 0.00608 

(5) I P3 + P4 + P5 + P6+P7 I = -0.00051 30 

(8) I P 1 + P2 I = 0.00000 

@3(a) ctmi $mmo>mi&&®vih') s 13300 t*m 

&<:t\*t\\9 3. Onm, 19 2. 9 n m&U 1 9 
3. lnmt^iCi^-r. -tlyT, 0 3(a) 

«®0K:*U>T\ &:a^K££0*CD±a»cesiX3tt*S 

10 05 1 ) 03(a) -(c) «C7jVr&8Hfcg0<J:D, 4^ 

03(a) -(c) CC77V$*B§iR^0«J: 
±&tffS3<De<KS &#K?iIE 3 tlX C> 6 C c: 

50 
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C»2!?&W) 04*#flaLT*&WK<fc*m2£teW 
*£9!T£. 04lim2|S»OTfcJ:*O*®^^&<3 

[0 05 2) 04tC^T&U>XI*CDl/>XflWK:-3t> 
Gl 0. mi 1 U>X§*G1 1. mi 2U>XS*G1 2 

*>6tiWt<*n*. ccr. mi o u>x#G i oii. w 

WAJ&ttOIEUVXL, W^rt/REKCDaBfcfrtt 

fc. mi 1U>X8G1 itt. U^^RffflKOffifcffl 
W/c^~X/7XJ£#C7)©U>XL» r*>*. mi2u> 
XSG12IJ. WA?&#W)IEW>XU U^A^R 

Ci^tt<OjEU>XL. i3&>6««Jn^. JSK. m3u 
>XS*G 3 fCffiUTEa;* n*>m 4 U>X«G 4 tt, U 

* * ;uR(Bfc[g®£FSjw/c > ~ x ft x j&tfccofi u > x l 
1005 3 ] ccr, v^^)\fKfph<ojftmts mi 0 

W>X#G1 0, mi 1 U>X#G1 1. mi 2U>X 
#G 1 2. 04 U>XSfG4. mi 2 U>X#G 1 2, 

mi i u>xiig i i> mi o u>xhgi o£jaifc& 

^RO*ra(&£Jf$fiM-S. m5U>XS?G5«. CO* 

ra«{10^SJ®«:. ♦rafttcCQiB^^W^^x^x^ 
(Dnu>XL„£> MCdBWOiEUVXL,, £. flaM^ 
ttCD©U>XL w <b, MOJ^OiEUVXL^c:. *M 
»©^ia®^W/c^^^^X^^mU>XL 14 c;, 
I^Ci^OiEl/VXL^i. MCi^ttOiEU^XL^c; 

[0054 ]J/c, C<om5 U>X»G5tcm^T52S 

IBJ)tcCi®^rSjW/cyr-X/7^^tt<Di£U>.XL t ,c;, p 

^ra^jtco^^r^^/c^-x^x^oiEuvXL,, 
L,,<t. ^fffl^fii)tcdi®^^it/c^^x^xj^;<oiEu 

«©au>XL,,t. m&mK(DJEu^xi.„t. 

{fclffKcAffifcffl W /c> ~ X /7 X J&tKCDiE V > X L , . £ 
h&fi&tlZ. */c. CCDt*. raP®0a«. m5U 
>XKfG5 ime U>X£?G6 iCDRSfcESSti*,, 

Z. *HfcWcfcl>T, £/&OfS^fcM/4f3 (IS/Jn) 
T*>0, 0*/>W-{$JOMD»NA«:0, 5 7m, 

[005 6 ]^, ^2rit oa^^M, i*m2 0®*c 
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d 0 =218,470 



10 



20 



30 



40 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 
31 



33 
34 
35 
36 
37 
38 
39 
40 
41 



269.428 
-309.838 
-287.784 
298.252 
319.859 
-267.967 
-273.316 
-714.458 
1247.366 
358.307 
1886.366 
-409.348 
-19L2Q2 
^60.687 
402. 149 
-903.948 
-197.350 
231563.902 
0.000 
314.319 
231563.902 
197.350 
903.948 
-402. 149 
460.687 
191.202 
409. 348 
1886.369 
-358.307 
-1247.366 
714.458 
273.316 
267.967 
-319. 859 
-298.252 
287. 784 



-269.428 
-227.267 
-391.496 
617.033 



60.000 
6.000 
15.000 
31. 810 
60.000 
4.500 
20.000 

113. 482 
16.200 
B3. 901 
25.920 
19.000 
20.000 
15.474 
33.000 

201.807 
15. 000 
20.000 
0.000 
20.000 
15.000 

201.807 
33.000 
15.474 
20.000 
19.000 
25.920 
83.901 
15. 200 

113.482 
20. 000 
4.500 
60.000 
31. 810 
15. 000 
5.000 
60.000 

183. 470 
20. 000 
3.645 
45.000 



CaF, 
S lOi 
CaF, 
S 1 Oi 
S 1 O. 
CaF, 
S 1 O, 
S 1 o, 

SlOt 

earn 

S 1 o. 

S ! O. 
S 1 Oi 
C a Ft 
S 1 o, 
S 1 O, 
CaF, 
S 1 O. 
CaF, 
CaF, 
S I O, 
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42 -292. 147 46. 222 

43 -259. 118 15.000 S 1 O. 

44 408.199 18. 785 

45 1461.463 45.000 C a Ft 

46 -250. 187 7. 000 

47 -223.680 18.000 SSO, 

48 -526. 047 56. 717 

49 936.544 45.000 C a Ft 

50 406. 507 590. 310 

51 795. 462 29. 000 S 1 O. 

52 -1984.285 10.000 

53 o.ooo 10.000 rants o 

54 230.009 32.805 S i O, 

55 1447.955 5.000 

56 613.320 35.000 C a F, 

57 -1494. 241 7. 137 

58 -694.448 40.000 SIO, 

59 478, 128 5. 000 

60 372.847 48.067 C a Ft 

61 2287. 239 0. 100 

62 100. 159 42. 562 SI O, 

63 80.943 9.000 

64 86.320 28.964 S i O. 

65 1884. 561 4. 000 

66 -401. 131 17. 580 SIO, 

67 -2761. 121 0. 100 

68 608.419 21.383 SIO, 

69 -577. 558 0. 100 

70 647.419 15.000 SIO, 

71 3939.247 15.000 



(1) 1 YO/Y 1 I = 0.97 

(2) l/3|= 0.25 

(3) P4 = -0.01 

(4) P3+P5+P8+P7= 0.00855 

(5) I P3 + P4 + P5 + P6 + P7 I = -O.00145 

(6) IP1 + P2 I = 0.00001 
05(a) «^2H^W(D«EJRSar*0. 0 5(b) tiff* 

tfi*Mt\\9 3. Onm, 19 2. 9nm^l9 
3. lnmT^SCt^, -eUT, B5(a) (C*$t» 

^iiwtsestu fttc, rand q<d£&$: 

[0 05 8 ) 05 Ca) -(c) KmTggifcgia 0 % 
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a. 
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[0 06 3] 

[0 1] *^C^*W^^^<0^fiXO^«:5fK-r^ 
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(BU »tWT«>MM«*. Wfl&ffififi (19 3. 
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Cm 1 XIKM) 

[«affliE3J 
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[0050] 
do = 100.000 



r d 

1 608.570 

2 -535.784 

3 -767.542 
A 583.270 

5 0.000 

6 0.000 

7 0.000 

8 1932.142 

9 -501.972 

10 2599.069 

11 491.076 

12 883.255 

13 -2160. 9U 

14 0.000 

15 -281.482 

16 -3684.750 

17 0.000 

18 441. 367 

19 3684 . 750 

20 281.483 

21 0.000 

22 2160.911 

23 -S83.255 

24 -491.076 

25 -2599.068 

26 501.972 

27 -1932.142 

28 0.000 

29 0.000 

30 0.000 

31 3884.731 

32 -1381.698 

33 391.241 

34 -352.648 

35 -340.120 

36 348.160 

37 6861.792 

38 490.913 

39 865.932 

40 -440.248 

41 -326.951 

42 -669.448 

43 490.606 



WW 
40.000 
35.737 
15.000 
35.000 
20.000 
15.000 
67.394 
40.000 
223.395 
15.000 
123.036 
30.000 
187.657 
160.860 
15.000 
70.000 
0.000 
70.000 
15.000 
160.860 
187.657 
30.000 
123.036 
15.000 
223.395 
40.000 
67.394 
15.000 
20,000 
80.000 
30.000 
0.100 
30.000 
5.000 
24.000 
11.200 
24.000 
10.907 
30.000 
3.766 
35.000 
0.100 
35.000 



CaF2 
S i 02 
(KffiBS 

&xm 

CaF2 

S i 02 

S i 02 
S i 02 

Ml tcta^s 

S i 02 

S i 02 
S i 02 
CaF2 
fSXSSB 

S i 02 
Ca F2 
S i 02 
S i 02 
Ca F2 
S i 02 
Ca F2 



S i 02 

S i 02 
Ca F2 
S i 02 
Ca F2 
S i 02 
S i 02 
S i 02 
S i 02 
S i 02 



44 -3123.854 672.921 

45 681.761 40.000 

46 -8251.041 8.000 

47 0.000 8.000 a 

48 596.576 45.000 

49 664.912 1.260 

50 276.060 72.842 

51 12512.845 18.900 

52 -523.686 106.927 

53 -728.219 0.513 

54 704 . 707 33 . 464 

55 -2768.356 0.367 

56 154.151 69.820 

57 131.256 12.825 

58 148.970 44.938 

59 1416.567 4.200 

60 -1306.088 22.680 

61 6140.209 1.920 

62 1077.774 30.410 

63 604.397 2.252 

64 326.875 29.808 

65 5403.630 15.000 

(1) 1 Y0/Y 1 I = 0.97 

(2) ||8l= 0.25 
(3 ) P 4 = -0.00689 

(4) P3 + P5 + P6 + P7 = 0.00608 

(5) I P3 + P4 + P5 + P6 + P7 I = -0.00081 
(6 ) I P 1 +P2 I = 0.00000 

ta 5 (a) \t m i gg$fefflcD$g*tt&iaT a> o . wsm .itm 
i $mw<Dmm&&&®. as co urn i mmw<o®w 

#«etve*U9 3. Onm, 19 2. 9nmRGM9 
3. lnnjT*<5C4^ , r. f Ot, H 5 (a) tc*5l> 

mt. vtemt&o. »tc, RANDii»»iiootai 

ISKBttafllBa] 005 1 

[005 i ] asca) ^co icmr&w&m* 0 . ^ 
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♦ NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st image formation optical system which forms the middle image of the 1st page, and the 2nd 
image formation optical system which forms the image of said middle image on the 2nd page, It is arranged in 
the optical path in which it results from said 1 st image formation optical system to said 2nd image formation 
optical system, and has the optical-path deviation member which leads the light from said 1st image formation 
optical system to said 2nd image formation optical system. Said 1st image formation optical system The 4th 
lens group G4 which has 3rd lens group G3 which has forward refractive power at least as a whole, and a 
concave mirror and the negative lens component which turned the concave surface to said 1 st page side, The 
10th lens group G10 in which it **** and said 3rd lens group G3 has forward refractive power sequentially 
from said 1st page side at least, The 1 1th lens group Gl 1 which has negative refractive power, and the 12th len 
group G12 which has forward refractive power, An implication and said light from the 1st page are drawn in 
order of said 10th lens group Gl 0, said 1 1th lens group Gil, said 12th lens group G12, said 4th lens group G4, 
said 12th lens group G12, said 1 1th lens group Gl 1, and said 10th lens group G10. The synthetic scale factor o: 
said 1st image formation optical system and said 2nd image formation optical system is cata-dioptric system 
characterized by being a contraction scale factor. 

[Claim 2] It is the cata-dioptric system according to claim 1 which said 1st image formation optical system has 
a contraction scale factor, and was characterized by said 2nd image formation optical system having a 
contraction scale factor. 

[Claim 3] Said 2nd image formation optical system is cata-dioptric system according to claim 1 or 2 
characterized by having the 5th lens group G5 of forward refractive power, and the 6th lens group G6 of 
forward refractive power. 

[Claim 4] Cata-dioptric system according to claim 3 characterized by arranging an aperture diaphragm into the 
optical path between said 5th lens groups G5 and said 6th lens groups G6. 

[Claim 5] It is cata-dioptric system given in claim 1 characterized by for said 1st image formation optical 
system having the 7th lens group G7 arranged in the optical path between said 1st page and said 3rd lens group 
G3, and this 7th lens group G7 having the pre-group of forward refractive power, and the back group of 
negative refractive power sequentially from said 1 st page side thru/or any 1 term of 4. 

[Claim 6] Cata-dioptric system given in claim 1 characterized by satisfying 0.4<|Y0/Y1|<1.2 when setting to Y 
the image quantity of said middle image in which sets the height of the body on said 1 st page to Y0, and image 
formation is carried out by said 1st image formation optical system thru/or any 1 term of 5. 
[Claim 7] The optical material which constitutes said 2nd image formation optical system is cata-dioptric 
system given in claim 1 characterized by being at least two kinds of optical materials with which variances 
differ mutually thru/or any 1 terra of 5. 

[Claim 8] For said 6th lens group G6 in said 2nd image formation optical system, said 5th lens group G5 in sai< 
2nd image formation optical system is claim 1 characterized by including the positive lens component which 
consists of low distribution glass thru/or any 1 term of 5, or cata-dioptric system according to claim 7 including 
the negative lens component which consists of high distribution glass, and the positive lens component which 
consists of low distribution glass. 

[Claim 9] Claim 1 characterized by arranging the 2nd optical-path deviation member which deflects said light 
from the 1st page between said 1st page and said 3rd lens group G3 in said 1st image formation optical system 
in order to make parallel said 1st page and said 2nd page thru/or cata-dioptric system of eight given in any 1 
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term. 

[Claim 10] Cata-dioptric system according to claim 9 characterized by having arranged so that said normal of 
the 1st page and said normal of the 2nd page may make a right angle to the gravity direction. 
[Claim 11] Cata-dioptric system of claim 1 characterized by arranging an optical-path deviation member 
between said 5th lens group G5 in said 2nd image formation optical system, and said 6th lens group G6 in orde 
to carry out said arrangement with the 1st page and said 2nd page to parallel thru/or claim 8 given in any 1 tern 

.* 

[Claim 12] Cata-dioptric system according to claim 12 characterized by said 1st page and said thing [ having 
arranged the 2nd page horizontally and having arranged said 1st page more nearly up than said 2nd page ]. 
[Claim 13] Cata-dioptric system given in claim 1 characterized by preparing the field diaphragm from which th 
image formation area size on said 2nd page serves as adjustable in the location of the middle image formed 
between said 1st image formation optical system and said 2nd image formation optical system thru/or any 1 
term of 12. 

[Claim 14] Cata-dioptric system given in claim 1 characterized by preparing a special filter near said concave 
mirror in said 1st image formation optical system, or into the optical path of said 2nd image formation optical 
system thru/or any 1 term of 1 3. 

[Claim 15] Cata-dioptric system according to claim 14 characterized by arranging an aperture diaphragm near 
said concave mirror in the optical path of said 2nd image formation optical system, or said 1st image formation 
optical system. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the projection optics of projection aligners, such as a stepper 
used in case a semiconductor device or a liquid crystal display component is manufactured at a 
photolithography process. Especially this invention relates to the reflective refraction projection optics which 
used the reflective system as an element of optical system. 
[0002] 

[Description of the Prior Art] In case a semiconductor device or a liquid crystal display component is 
manufactured at a photolithography process, the pattern images (or photo mask etc.) of a reticle are reduced t( 
about 1 / four to 1/5 through projection optics, and the projection aligner exposed on the wafers (or glass plate 
etc.) with which the photoresist etc. was applied is used. As a projection aligner, an one-shot exposure methot 
mainly like a stepper was used conventionally. 

[0003] In recent years, as for the aligner which has made it detailed increasingly and can be burned in these 
patterns, manufacture of a semi-conductor and manufacture of a semiconductor chip mounting substrate requi 
what has more high resolution. In order to satisfy this demand, wavelength (exposure wavelength) of the light 
source for exposure must be short-wavelength-ized, or numerical aperture NA of projection optics must be 
enlarged. However, since it is absorption of the illumination light when exposure wavelength becomes short, 
the optical glass which is equal to practical use is restricted, and it is difficult to constitute projection optics oi 
from refractive media. If wavelength is especially set to 300nm or less, the ** material which can be used 
practically will become only synthetic quartz and a fluorite. 

[0004] On the other hand, although to constitute projection optics only from a reflective system is also tried, 
projection optics is enlarged in this case, and aspheric surface-ization of a reflector is needed. However, it is 
very difficult to manufacture the highly precise large-scale aspheric surface. Then, the technique which 
constitutes projection optics from so-called cata-dioptric system which combined the refractive media which 
consist of optical glass which bears a reflective system and the exposure wavelength used is proposed various 

[0005] The cata-dioptric system which projects the image of a reticle under a predetermined contraction scale 
factor as the example combining the optical system and dioptric system containing one concave mirror is 
indicated by for example, a U.S. Pat. No. 4,779,966 official report and JP,4-234722,A. The cata-dioptric syste 
indicated by the above-mentioned U.S. Pat. No. 4,779,966 official report consists of dioptric system and cata- 
dioptric system to which re-image formation of the middle image by this dioptric system is carried out from tl 
body side at order. 

[0006] Moreover, the optical system indicated by JP,4-234722,A consists of cata-dioptric system of a perfect 
symmetry mold, and dioptric system to which re-image formation of the middle image by this cata-dioptric 
system is carried out under a contraction scale factor from the body side at order. 
[0007] 

[Problem(s) to be Solved by the Invention] In the cata-dioptric system indicated by the above-mentioned U.S. 
Pat. No. 4,779,966 official report and JP,4-234722,A, only the lens component of negative refractive power w , 
used as a dioptrics member in the cata-dioptric system containing a concave mirror. Therefore, sake [ for whic 
the diameter of the flux of light of the flux of light attained from a body (middle image) to a concave mirror is 
being expanded steadily ], it was difficult to attain the miniaturization of the aperture of the concave mirror 

http: //www4 . i pdl . ncipi . go . jp/cgi-bin/tran_web_cgi_ejj e 9/2 9/2 0 



JP,08-334695,A [DETAILED DESCRIPTION] Page 2 of 



itself 

[0008] If it considers raising the numerical aperture by the side of an image in the cata-dioptric system indicat 
by especially the above-mentioned U.S. Pat No. 4,779,966 official report in addition to an above-mentioned 
trouble, the numerical aperture of the optical system near an image side must be raised. At this time, in order t 
make the path of the flux of light which carries out incidence expand to the concave mirror in the cata-dioptric 
system arranged at an image side, there is a trouble which the aperture of this concave mirror enlarges. 
Furthermore, in the cata-dioptric system indicated by the U.S. Pat. No. 4,779,966 officiaHfeport, since the 
optical path to [ relation / of a contraction scale factor ] a wafer from the lieberkuhn M2 was not able to take fi 
a long time, the lens number of sheets of the dioptric lens arranged in this optical path could not be made 
[ many ], but there was un- arranging [ that sufficient image formation engine performance was hard to be 
obtained ]. Moreover, for this reason, there was un-arranging [ that a long distance of the end face of the optic 
element by the side of a wafer and a wafer, i.e., the working distance by the side of a wafer, (working distance 
could not be taken most ]. 

[0009] Moreover, although the optical system to which an outward trip and a return trip are made to serve a 
double purpose makes light the aberration amendment burden of the dioptric system which constitutes the 
optical system of a perfect symmetry mold, suppresses aberration generating by the optical system there as 
much as possible, and follows in the cata-dioptric system indicated by JP,4-234722,A, since symmetry mold 
optical system was constituted, there was un-arranging [ that the long working distance (working distance) nec 
the 1 st page could not be taken ]. 

[0010] It aims at attaining minor diameter-ization of the aperture of a concave mirror, without this invention 
degrading the engine performance of optical system in view of the above thing. Furthermore, attaining minor 
diameter-ization of the aperture of a concave mirror, it fully secures the working distance and this invention st 
it as the 2nd purpose to realize high numerical aperture. 
[0011] 

[Means for Solving the Problem] The 1 st image formation optical system which forms the middle image of thi 
1 st page in this invention in order to attain the above-mentioned purpose, It is arranged in the optical path in 
which it results to said 2nd image formation optical system from the 2nd image formation optical system whic 
forms the image of said middle image on the 2nd page, and said 1 st image formation optical system. It has the 
optical-path deviation member which leads the light from said 1st image formation optical system to said 2nd 
image formation optical system. Said 1st image formation optical system The 4th lens group G4 which has 3rc 
lens group G3 which has forward refractive power at least as a whole, and a concave mirror and the negative 
lens component which turned the concave surface to said 1st page side, The 10th lens group G10 in which it 
**** and said 3rd lens group G3 has forward refractive power sequentially from said 1st page side at least, Th 
1 1th lens group Gl 1 which has negative refractive power, and the 1 2th lens group G12 which has forward 
refractive power, An implication and said light from the 1 st page are drawn in order of said 10th lens group 
G10, said 1 1th lens group Gil, said 12th lens group G12, said 4th lens group G4, said 12th lens group G12, 
said 1 1th lens group Gl 1, and said 10th lens group G10. The synthetic scale factor of said 1st image formatior 
optical system and said 2nd image formation optical system offers the cata-dioptric system which is a _ 
contraction scale factor. 
[0012] 

[Embodiment of the Invention] Since 3rd lens group G3 arranged at a before [ a concave mirror ] side has 
forward refractive power according to this invention like an above-mentioned configuration, a convergence 
operation is exerted on the flux of light emitted from the 1st page, and the flux of light which carries out 
incidence to the 4th lens group G4 is narrowed down. Thereby, as for the concave mirror in the 4th lens group 
G4, a miniaturization is attained. Moreover, many aberration can be amended good by constituting 3rd lens 
group G3 with the 10th lens group G10 of forward refractive power, the 1 1th lens group Gl 1 of negative 
refractive power, and the 12th lens group G12 of forward refractive power. Furthermore, it is also possible to 
shorten the die length of the 1 st image formation optical system by this above-mentioned configuration. 
[0013] Moreover, in this invention, by the above-mentioned configuration, since the working distance near the 
1st page can be enlarged, insertion of an optical-path deviation member is attained easily. Here, as for an 
optical-path deviation member, it is desirable to have only the function which only bends an optical path. Sine 
jt is not necessary to give the function of such an optical-path deviation member, then the optical-path deviatic 
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member which separates the flux of light like a beam splitter, it becomes possible to suppress quantity of light 
loss to about 0%, and the advantage which generating of a flare can also do very few arises. In an optical-path 
deviation member only with the function which only bends an optical path, neither generating of the aberratioi 
by the heterogeneity of the property of the optical parting plane of the beam splitter generated when using a 
beam splitter, nor generating of the aberration by the property of an optical parting plane changing with heat 
absorption is produced. 

[0014] It is still more desirable to arrange here near [ in which the 1st image formation optical system forms ai 
optical-path deviation member ] the middle image. By this configuration, effect of the eccentric error at the tin 
of bending an optical path can be lessened very much. For example, although the eccentricity of the 2nd image 
formation optical system over the 1 st image formation optical system will be caused when the angle error has 
arisen in the optical-path deviation member, it becomes, because the image formed on the 2nd page shifts to th 
1st page as this result, and the effect to the image formation engine performance is hardly produced. 
[0015] In this invention, since it is the configuration which does not have a concave mirror in the 2nd image 
formation optical system, the basis of high numerical aperture can also fully secure the working distance by th« 
side of an image. Moreover, in this invention, the 2nd image formation optical system has the desirable 
configuration which has the 5th lens group G5 of forward refractive power, and the 6th lens group G6 of 
forward refractive power. And in this invention, it is desirable to take the configuration which arranges an 
aperture diaphragm in the optical path between these 5th lens groups G5 and 6th lens groups G6. An adjustabh 
aperture diaphragm, then a coherence factor (sigma value) can be adjusted for this aperture diaphragm. 
[0016] Here, in JP,62-5081 1,B, the phase shift method which shifts the phase of the predetermined part in the 
pattern of a reticle from other parts is proposed as the one technique of making the depth of focus deep and 
raising resolving power. In this invention, since it is possible to adjust a coherence factor (sigma value), there i 
an advantage which can improve the effectiveness of this phase shift method further. 

[0017] In this invention, said 1st image formation optical system has a contraction scale factor, and, as for said 
2nd image formation optical system, it is desirable to have a contraction scale factor. Arrangement of such 
refractive power can constitute optical system reasonable. Moreover, as for the 1st image formation optical 
system, in this invention, it is desirable to be constituted so that it may have the 7th lens group G7 arranged in 
the optical path between the 1st page and 3rd lens group G3. This 7th lens group G7 has the function which 
amends the unsymmetrical aberration which cannot be amended especially distortion aberration, and the 
chromatic aberration of magnification good in the 1st image formation optical system and the 2nd image 
formation optical system. And as for this 7th lens group G7, it is desirable to be constituted sequentially from 
the 1st page side, so that it may have the pre- group of forward refractive power and the back group of negative 
refractive power. Tele cent rucksack nature is maintainable good with this configuration, attaining minor 
diameter-ization as the 7th lens group G7 whole. 

[0018] As for the optical material which constitutes the 2nd image formation optical system, in this invention, 
is desirable that they are at least two kinds of optical materials with which variances differ mutually. Thereby, 
the amendment effectiveness of chromatic aberration can be improved. Moreover, in this invention, said 5th 
lens group G5 in the 2nd image formation optical system is constituted so that the negative lens component 
which consists of high distribution glass, and the positive lens component which consists of low distribution 
glass may be included, and as for said 6th lens group G6 in the 2nd image formation optical system, it is 
desirable [ the group ] to be constituted so that the positive lens component which consists of low distribution 
glass may be included. By this configuration, there is an advantage which can improve the amendment 
effectiveness of chromatic aberration further. 

[0019] Furthermore, it is desirable that it is satisfied with this invention of the following conditions. 
0.4<|YO/Y1|<1.2(1) 

Here, Y0 is the height of the body on the 1 st page, and Yl is the height of said middle image in which image 
formation is carried out by said 1st image formation optical system. By considering as the above condition 
range, it becomes possible to constitute optical system reasonable. If a minimum is exceeded, the contraction 
scale factor of the 1st image formation optical system will become large, and wide range exposure will become 
difficult. Moreover, when an upper limit is exceeded, the contraction scale factor of the 1st group becomes 
small, and it will separate from the purpose of this invention of miniaturizing a concave mirror. In addition, if i 
minimum is set to 0.6 and an upper limit is set to 1 .0, a still better result will be obtained. 
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[0020] Furthermore, it is desirable that it is satisfied with this invention of the following conditions. 
l/10<|beta|<l/2(2) 

Here, beta is the whole scale factor, considering as the above condition range — said conditions (1) it becom 
similarly possible to constitute optical system reasonable. If a minimum is exceeded, a contraction scale factoi 
will become large and wide range exposure will become difficult. If an upper limit is exceeded, the contractioj 
scale factor of optical system will become small, and it will become impossible moreover, to call it a 
contraction projection aligner. Here, if a minimum is set to one eighth, a still better result^\vill be obtained. 
[0021] Moreover, as for this invention, it is desirable to fulfill the following conditions. 
P4<0 (3) 

Here, P4 is the PETTSU bar sum of the 4th lens group G4. If conditions (3) are not satisfied, since the flux of 
light injected to the flux of light which carries out incidence to the 4th lens group G4 becomes large and each 
lens of 3rd lens group G3 will come to be enlarged, it is not desirable. Furthermore, the PETTSU bar sum oft] 
cata-dioptric system itself becomes large, and since the image surface becomes less flat, it is not desirable. 
[0022] Furthermore, as for this invention, it is desirable to fulfill the following conditions. 
P3+P5+P6+P7<0 (4) 

P3 is the PETTSU bar sum of 3rd lens group G3, P5 is the PETTSU bar sum of the 5th lens group G5 here, ?t 
is the PETTSU bar sum of the 6th lens group G6, and P7 is the PETTSU bar sum of the 7th lens group G7. 
Since the scale factor of the whole cata-dioptric system becomes large and a suitable contraction scale factor ii 
no longer obtained unless it satisfies conditions (4), it is not desirable. 
[0023] Furthermore, as for this invention, it is desirable to fulfill the following conditions. 
|P3+P4+P5+P6+P7|<0 (5) 

The above-mentioned conditions are related with the PETTSU bar sum of all the components of optical systen 

If conditions (5) are not satisfied, since the image surface will come to curve to a plus side and the surface 

smoothness in the image surface will be lost, it is not desirable. 

[0024] And as for this invention, it is desirable to fulfill the following conditions. 

|P1+P2|<0(6) 

PI is the PETTSU bar sum of each element at the time of a beam of light penetrating the 1 st image formation 
optical system here, and P2 is the PETTSU bar sum of the 2nd image formation optical system. P 1 and P2 can 
be expressed as Pl=(2xP3)+P4+P7P2=P5+P6. If conditions (6) are not satisfied, since the surface smoothness 
of the image surface will be lost, it is not desirable. 
[0025] 

[Example] Hereafter, the example of the cata-dioptric system by this invention is explained with reference to a 
drawing. Each example explained below applies this invention to the projection optics of the aligner which 
imprints the image of the pattern formed on the reticle on the wafer with which it was applied to the resist. 
[0026] First, with reference to drawing 1 , the rough configuration of the cata-dioptric system by this inventior 
is explained. In drawing 1 the height from an optical axis by Y0 the flux of light from the reticle R on the 1 st 
page After passing 3rd lens group G3 containing the 10th lens group G10 which has forward refractive power, 
the 1 1th lens group Gil which has negative refractive power, and the 1 2th lens group G12 which has forward 
refractive power The 4th lens group G4 which has a concave mirror Ml and the meniscus component which 
turned the concave surface to said 1st page side is reached. Although the 1st image formation optical system G 
is constituted from above-mentioned 3rd lens group G3 and the above-mentioned 4th lens group G4 in the 2nd 
example, in the 1st example, the 7th lens group G7 which consists of an 8th lens group G8 which has forward 
refractive power between the reticle R on the 1st page and 3rd lens group G3, and a 9th lens group G9 which 
has negative refractive power exists. 

[0027] Here, the flux of light which passed 3rd lens group G3 reaches the 4th lens group G4. The flux of light 
which reached this 4th lens group G4 is the concave mirror Ml in the 4th lens group G4. It is reflected, 3rd lei) 
group G3 is passed again, and it is the optical-path folding mirror M2 as an optical-path deviation member. It 
goes. This optical-path folding mirror M2 It is installed at 45 degrees to the optical axis of the 1 st image 
formation optical system Gl and the 2nd image formation optical system G2. And the flux of light from the Is 
image formation optical system Gl turns into the convergence flux of light, and is the optical-path folding 
mirror M2. The middle image of Reticle R is formed in near in the height of Yl . Next, optical-path folding 
mirror M2 The reflected flux of light forms the secondary image (image of a middle image) of Reticle R on tht 
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wafer W on the 2nd page through the 5th lens group G5 and the 6th lens group G6 which constitute the 2nd 
image formation optical system G2 in order. Here, aperture-diaphragm a is arranged between the 5th lens grou 
G5 and the 6th lens group G6. 

[0028] Moreover, drawing 2 is drawing showing another arrangement of the cata-dioptric system by this 
invention. In addition, in drawing 2 , the same sign is given to the member which has the same function as 
drawing 1 R> 1. The point that the examples of drawing 1 differ in drawing 2 is the optical-path folding mirro) 
MO as an optical-path deviation member in the optical path between the 1st page and 3rd4ens group G3. It is tl 
arranged point. Here, it is the optical-path folding mirror MO. It is installed at 45 degrees to the optical axis of 
3rd lens group G3, and is the optical-path folding mirror M2. It receives, and is intersected perpendicularly ant 
prepared. By this configuration, it is the 1st image formation optical system Gl. And optical -path folding mirr« 
M2 Since the minded flux of light serves as a travelling direction of the flux of light from the 1 st page, and thi; 
direction, the 2nd page can be considered as parallel arrangement with the 1st page. There is an advantage fror 
which the configuration of the device for holding the 1st page and the 2nd page, respectively, and making it 
scan by this configuration, respectively becomes easy. 

[0029] In addition, it sets to drawing 2 and is the optical-path folding mirror MO. Optical-path folding mirror 
M2 You may constitute from a member of one. Optical-path folding mirror MO which intersects perpendicular 
mutually in this configuration A reflector and optical-path folding mirror M2 There is an advantage from whic 
processing with a reflector becomes easy and maintenance of this include angle becomes easy. Moreover, whe 
it constitutes in one, it is the optical-path folding mirror MO and M2. A miniaturization can be attained and the 
is an advantage which can raise the degree of freedom of arrangement of a lens. 

[0030] Moreover, drawing 3 is drawing showing still more nearly another arrangement of the cata-dioptric 
system by this invention. In addition, in drawing 3 , the same sign is given to the member which has the same 
function as drawing 1 . The point that the examples of drawing 1 differ in drawing 3 is the optical-path folding 
mirror M3 as an optical-path deviation member installed to the optical axis of the 5th lens group G5 at 45 (as 
opposed to the optical axis of the 6th lens group G6) degrees between the 5th lens group G5 in the 2nd image 
formation optical system, and the 6th lens group G6. It is the arranged point. Since the travelling direction of 
the flux of light which is injected from the lens group G22 by this configuration, and results in the 2nd page 
turns into the travelling direction of the flux of light and this direction which carry out incidence to the 1 st 
image formation optical system from the 1st page, the 2nd page can be mutually considered as parallel 
arrangement with the 1st page. There is an advantage from which the configuration of the device for holding tl 
1st page and the 2nd page, respectively, and making it scan by this configuration, respectively becomes easy. 
[0031] moreover - the example of drawing 3 — the 10th lens group G10 of the 1st image formation optical 
system Gl to optical-path folding mirror M2 The travelling direction of the going flux of light, and optical-pat) 
folding mirror M3 in the 2nd image formation optical system G2 from — let mutually the travelling direction o 
the flux of light which goes to the 6th lens group G6 be hard flow — as — the optical-path folding mirror M2 ar 
M3 Since it arranges, the cata-dioptric system itself can be constituted in a compact. Especially, according to 
this configuration, there is an advantage which can shorten spacing of the 1 st page and the 2nd page, and 
miniaturization of the whole aligner can be attained. Furthermore, at the example of drawing 3 , it is the optica 
path folding mirror M2. Since it can arrange near the middle image which the 1st image formation optical 
system forms, it is the optical-path folding mirror M2. A miniaturization can be realized and the degree of 
freedom of arrangement of optical system can be increased. 

[0032] Furthermore, in the example shown in drawing 2 , it is desirable to arrange so that the normal of the 1st 
page and the normal of the 2nd page may make a right angle to the gravity direction. Thus, when it arranges, 
they are the 1st page, the 2nd page, and the concave mirror Ml with which precision is demanded most. Since 
stops receiving the unsymmetrical deformation by gravity, it becomes advantageous in case projection exposui 
is carried out using a large-sized photo mask or a glass plate. 

[0033] Moreover, in the example shown in drawing 3 , if optical system is arranged so that the 2nd page may 
become horizontal, the 1st page and the optical element which receives unsymmetrical deformation will 
decrease with gravity. So, the 1st page and the 2nd page are horizontal, and it is desirable to arrange the 1 st 
page so that it may become the upper part from the 2nd page. Especially except 5th lens group G5 in the 2nd 
image formation optical system, if it is such arrangement in order not to receive unsymmetrical deformation, it 
is very advantageous on optical-character ability. Here, it is a concave mirror Ml . Being arranged horizontally 
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is effective especially. 

[0034] Moreover, at each above-mentioned example, it is a concave mirror Ml . It is possible to arrange an 
aperture diaphragm in the neighborhood or the 2nd image formation optical system (especially between the 5th 
lens group G5 and the 6th lens groups G6). Moreover, it is also possible at this time to make adjustable the 
sigma (sigma) value which is the ratio of the numerical aperture N A of an illumination-light study system and 
the numerical aperture NA of projection optics. In this example, especially the thing to arrange to the 2nd 
optical system from which mechanical interference cannot arise easily is desirable. r"' 
[0035] Moreover, it is possible by arranging various special filters to make the depth of focus deep instead of 
arranging an aperture diaphragm. It explains referring to drawing 8 which showed drawing of an example of a 
special filter, each following numerical example - a body side and an image side - a TEREN cent - being 
rucksack optical system, the chief ray from each point by the side of a body crosses at one point of an certain 
optical axis. A Fourier transform side, a call, and a special filter arrange the flat surface where a chief ray 
includes one point which crosses an optical axis in such a situation to this Fourier transform side. At each 
numerical example shown below, it is a concave mirror Ml. It is possible to establish a Fourier transform side 
into the neighborhood or the 2nd image formation optical system. In respect of the Fourier transform, the degre 
of the diffracted light is decided by the specific location distant from the optical axis. A degree becomes high, 
so that it separates from an optical axis. General projection exposure optical system has taken in zero-order and 
the primary diffracted light, radius rl in which the component of zero-order light exists from this as shown in 
drawing 8 (a) and (b) Field FA and the radius rl near an optical axis to radius r2 up to - the field of a filter is 
divided into the field FB near [ where primary light (and diffracted light of the degree beyond it) exists ] the 
opening circumference. 

[0036] The filter divided into concentric circular forms the polarization film so that the core field FA may 
penetrate only S polarization and the periphery field FB may penetrate only P polarization, as shown in drawin 
8 (c). You may make it P polarization and the periphery field FB penetrate [ the core field FA ] only S 
polarization with a natural thing. Moreover, it is made for the refractive index of the core field FA to become 
lower than the refractive index of the periphery field FB at this time. 

[0037] By the configuration shown above, the flux of light which penetrated the periphery field FB of a special 
filter performs the image formation usual in a focal plane. On the other hand, since the flux of light which 
penetrated the special center of filter section field FA has the low refractive index, a focus is connected to the 
location which keeps away from a lens from the usual focal plane. Here, since a polarization condition is 
different, each flux of light does not interfere in the flux of light which penetrated the periphery field FB, and 
the flux of light which penetrated the core field FA. This becomes possible to make the depth of focus deep. 
Moreover, as a technique which makes the depth of focus deep, there is a technique indicated by JP,6 1 - 
91662,A, JP,5-234850,A, JP,6-1201 10,A, JP,6-124870,A, JP,7-57992,A, JP,7-57993,A, etc., and it can apply V 
this invention, respectively. Especially a technique such is effective when forming an isolated pattern. 
[0038] Here, it is a concave mirror Ml . When the special filter has been arranged near, it is possible to arrange 
an aperture diaphragm to the direction of the 2nd image formation optical system, and to change numerical 
aperture. Moreover, a special filter is arranged to the 2nd image formation optical system, and it is a concave 
mirror ML It is also possible to arrange an aperture diaphragm near. Thus, it can dissociate into the same 
optical system, and the cata-dioptric system in this example can arrange an aperture diaphragm and a special 
filter, and is advantageous in a spacial configuration. 

[0039] Moreover, this drawing can be used as a field diaphragm if a diaphragm is put on the location which 
forms a middle image. In the case of each example, it is possible to prepare a field diaphragm between the 1st 
image formation optical system and the 2nd image formation optical system. In the above-mentioned example, 
the location which can do a middle image serves as near the mirror so that it may be shown by dyavying 3 from 
drawing 1 R> 1 . For this reason, what is necessary is just to arrange a diaphragm near a mirror. As a 
configuration which arranges a diaphragm, there is an example shown in drawing 9 , for example. 
[0040] It is the optical-path bending mirror M2 like the example shown in drawing 9 when preparing a field 
diaphragm. It arranges so that it may become near the 10th lens group G10 of the 1st image formation optical 
system Gl if possible. Thereby, the field in which a middle image is formed is the optical-path bending mirror 
M2. It becomes the 5th lens group G5 twist in the 2nd image formation optical system from near. By 
considering as such arrangement, it is the optical-path bending mirror M2. Mechanical interference stops easil) 
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the 10th lens group G10 and field-diaphragm function of the 1st image formation optical system Gl being abl 
to take place. And field-diaphragm S is arranged to the field which forms a middle image. When field- 
diaphragm S moves, the range which can do a middle image changes, it will come to be alike, if the range in 
which an image is finally formed on the 2nd page by this changes 

[0041] Moreover, the technique indicated by JP,57- 192024 A, JP,6O-30132,A, JP,60-45252,A, JP,62-124845, 
the U.S. Pat. No. 4,473,293 official report, the U.S. Pat. No. 4,474,463 official report, etc. is one of those to 
which the magnitude of a visual field is changed, and it can apply, respectively. *" 
[0042] As mentioned above, it can consider as instead of [ of a field diaphragm ] by moving a movable 
protection-fiom-light member according to a case by exchanging the mirror itself from which magnitude diffe 
in addition to the approach of attaining a field diaphragm. In addition, that it is applicable also in the shape of 
[ more than a rectangular head ] a polygon does not have not only a square but that the configuration of the 
strange field diaphragm with good opening shown in drawing 9 is circular, and ** to say, either. Moreover, 
since a field diaphragm can be arranged in projection optics, it cannot be overemphasized that it is also possifr 
to lose the so-called reticle blind arranged at the illumination-light study system. 

[0043] Next, the numerical example of the cata-dioptric system of this invention is explained. In the following 
numerical examples, lens arrangement is expressed in an expansion optical -path Fig., as shown in drawing 2 
and drawing 4 . In an expansion optical-path Fig., a reflector is expressed as a transparency side and each 
optical element is arranged by the order which the light from Reticle R passes. Moreover, the plane virtual sid 
is used in the reflector of the lieberkuhn. And as it is shown in drawing 2 since the configuration and spacing < 
a lens are expressed for example, the field through which it will pass by the time the light injected from Reticl 
R reaches Wafer W is made into the i-th page (i= 1 , 2, ....) one by one, using the pattern side of Reticle R as th 
0th page. Here, it is the radius of curvature ri of the i-th page. A sign just takes the case where a convex is 
turned to Reticle R in an expansion optical-path Fig. Moreover, it is di about the spacing of the i-th page and a 
** (i+1) side. It carries out. Moreover, it is Si02 as ** material. A fused quartz is expressed and it is CaF2. 
Fluorite is expressed. The refractive index to the criteria- for-use-of- food-additives wavelength (193.0nm) of a 
fused quartz and fluorite is as follows. 

Fused quartz: 1.56019 fluorite : 1.50138 and 1/of the variances nu are as follows. 

Synthetic quartz: 1780 fluorite : The variance in the inside of 2550, however an example is a variance of 
**0.1nm to criteria-for-use-of-food-additives wavelength (193.0nm). 

The [1st example] The 1st example by this invention is explained with reference to drawing 2 . Drawing 2 is tl 
expansion optical-path Fig. of the cata-dioptric system in the 1st example. 

[0044] positive lens LI of both the convex configuration where the 7th lens group G7 is the 8th lens group G8 
sequentially from Reticle R side when the lens configuration of each lens group shown in drawing 2 is 
explained Negative lens L2 of both the concave configuration that is the 9th lens group G9 from — it is 
constituted, positive lens L3 of both the convex configuration where 3rd lens group G3 arranged following the 
7th lens group G7 is the 10th lens group G10 Negative lens L4 of the meniscus configuration where the conve 
was turned to the reticle R side which is the 1 1th lens group Gl 1 Positive lens L5 of both the convex 
configuration that is the 12th lens group G12 from — it is constituted, furthermore, negative lens L6 of the 
meniscus configuration where the 4th lens group G4 arranged following 3rd lens group G3 turned the concave 
surface to Reticle R side Concave mirror Ml from — it is constituted. 

[0045] The flux of light from Reticle R goes via the 8th lens group G8, the 9th lens group G9, the 10th lens 
group G 10, the 1 1th lens group Gil, the 12th lens group G12, the 4th lens group G4, the 12th lens group G12. 
the 1 1 th lens group Gil, and the 1 0th lens group G 1 0 in order here. The middle image of Reticle R is formed 
between 3rd lens group G3 and the 7th lens group G7. 

[0046] the 5th lens group G5 — the order from this middle image side — positive lens L7 of both the weak 
convex configuration of refractive power Positive lens L8 of both the convex configuration Negative lens L9 c 
both the concave configuration The negative lens LI 0 of the meniscus configuration where the convex was 
turned to the middle image side, It consists of the negative lens LI 1 of both the concave configuration, a 
negative lens LI 2 of the meniscus configuration where the concave surface was turned to the middle image 
side, a positive lens L13 of both the convex configuration, and a positive lens L14 of both the convex 
configuration. 

[0047] Moreover, the 6th lens group G6 arranged following this 5th lens group G5 The positive lens LI 5 of th 

♦ 
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meniscus configuration where the convex was turned to the middle image side sequentially from the middle 
image side, The positive lens LI 6 of the meniscus configuration where the convex was turned to the middle 
image side, and the negative lens LI 7 of the meniscus configuration where the concave surface was turned to 
the middle image side, The positive lens L18 of both the convex configuration, and the negative lens L19 of the 
meniscus configuration where the convex was turned to the middle image side, It consists of the positive lens 
component L20 of the meniscus configuration where the convex was turned to the middle image side, a 
negative lens L21 of both the weak concave configuration of refractive power, a negative^] ens L22 of the 
meniscus configuration where the convex was turned to the middle image side, and a positive lens L23 of the 
meniscus configuration where the convex was turned to the middle image side. 

[0048] The value of the item of this example is hung up over following Table 1. In this example, it is 1/4 time 
(contraction) the scale factor of the whole system of this, and the numerical aperture NA by the side of Wafer 
W is 0.57. And as shown in drawing 1 , a lengthwise direction is [ the range of the body quantity from an 
optical axis Ax ] the die length 24 from 52 to 76, and the longitudinal direction of the cata-dioptric system of 
this example exposure-field on Reticle R has the shape of a rectangle of 120. 

[0049] In addition, it sets to this example shown in Table 1 , and is the optical-path folding mirror M2, It is 
located in the 7th page and the 28th page. Moreover, in Table 1 , it is a concave mirror Ml . It is equivalent to th 
18th page. By making the 17th page (virtual side) and the 18th page into a reflector (refractive index = -1) into 
this example, creation of the expansion optical-path Fig. shown in drawing 3 was enabled. 
[0050] 
[Table 1] 
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do = 100. 



8?# 



1 608, 570 

2 -535.784 

3 -767. 542 

4 583. 270 

5 0.000 

6 0.000 

7 0.000 

8 1932. 142 

9 -SOL 972 

10 2599. 069 

11 491. 076 

12 883. 255 

13 -2160. 911 

14 0. 000 

15 -281. 482 

16 -3684. 750 

17 0. 000 

18 441. 367 

19 3684. 750 

20 281. 483 

21 0. 000 

22 2160. 911 

23 -883. 255 

24 -49L 076 

25 -2599. 068 

26 50L 972 

27 -1932. 142 

28 0.000 

29 0.000 

30 0.000 

31 3884.731 

32 -1381. 698 

33 391. 241 

34 -352.648 

35 -340. 120 

36 348.160 

37 686L 792 

38 490. 913 

39 865. 932 

40 -440.248 

41 -326. 951 



40.000 
35. 737 
15.000 
35.000 
20.000 
15.000 
67.394 
40.000 

223. 395 
15.000 

123. 036 
30.000 

187.657 

160.860 
15.000 
70. 000 
0.000 
70.000 
15. 000 

160. 860 

187. 657 
30.000 

123.036 
15.000 

223. 395 
40.000 
67.394 
15.000 
20. 000 
80.000 
30.000 
0.100 
30.000 
5.000 
24.000 
11.200 
24.000 
10. 907 
30.000 
3. 766 
35. 000 



CaF, 



S i Ot 



CaFt 

S i o, 

S lOt 
S i O* 



S IO, 

{R3BRB 
S IO, 

S I o, 

CaF, 

<mm 
caea 

S i o, 

CaF, 
S I O, 

s i o, 

CaF, 
S 1 O, 
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42 -669.448 0.100 

43 490.606 35.000 CaF, 

44 -3123. 854 672. 921 

45 68L 761 40. 000 SI Ot 

46 -825L 041 8. 000 

47 0.000 8.000 rant*D 

48 596. 576 45. 000 SI O, 

49 661 912 L 260 

50 276.060 72.842 CaF, 

51 12512. 845 18. 900 

52 -523. 686 106. 927 SiO, 
-728. 219 0. 513 



54 704.707 33.464 CaF, 

55 -2768. 356 0. 367 

56 154. 151 69. 820 SI O, 

57 131.256 12.825 



148. 970 44. 938 SI O, 

59 1416. 567 4. 200 

60 -1306. 088 22. 680 SiO, 

61 6140. 209 L 920 

62 1077. 774 30. 410 S 1 0, 

63 604. 397 2. 252 

64 326.875 29.808 S I O, 

65 5403. 630 15. 000 



The value corresponding to conditions is shown below. 



(1)|Y0/Y1 
(6) |Pl+P2 



= 0.97(2) |beta|= 0.25(3) P4--0.00689(4) P3+P5+P6+P7= 0.00608(5) |P3+P4+P5+P6+P7h- 0.0008 
= 0.00000 drawing 3 (a) It is the longitudinal aberration Fig. of the 1 st example. Drawing 3 (b) The 
chromatic-aberration-of-magnification Fig. of the 1 st example, and drawing 3 (c) It is the transverse aberration 
Fig. of the 1st example. NA expresses numerical aperture all over each aberration Fig., and Y expresses image 
quantity. Moreover, Signs J, P, and Q show that wavelength is 193.0nm, 192.9nm, and 193. lnm, respectively. 
And drawing 3 (a) It sets and a broken line expresses the amount of violations of sine condition in spherical 
aberration, in astigmatism, a broken line expresses the meridional image surface and a continuous line express< 
the sagittal image surface, respectively. Drawing 3 (c) In the shown transverse aberration Fig., the figure 
indicated in the upper part in each comatic-aberration Fig. expresses body quantity, and especially RAND 
expresses the time of the body quantity 0. 

[0051] Drawing 3 (a) - (c) In this example, many shown aberration Figs, show that many aberration is amende< 
good in a large field, though it is the big numerical aperture NA 0.57. Moreover, drawing 3 (a) - (c) Many 
shown aberration Figs, show that the chromatic aberration of a shaft top and a scale factor is also amended goo 
in the range of O.lnm wavelength width of face in this example. 

The. [2nd example] The 2nd example by this invention is explained with reference to drawing 4 . Drawing 4 is 
the expansion optical-path Fig. of the cata-dioptric system by the 2nd example. 

[0052] When the lens configuration of each lens group shown in drawing 4 is explained, it consists of a 10th 
lens group G10, an 1 1th lens group Gl 1, and a 12th lens group G12 sequentially from Reticle R side, here — th 
10th lens group G10 — positive lens LI of both the convex configuration Negative lens L2 of both the concave 
configuration Positive lens L3 of both the convex configuration Negative lens L4 of the meniscus configurator 
where the concave surface was turned to Reticle R side from — it is constituted, moreover, negative lens L5 of 
the meniscus configuration where the 1 1th lens group Gl 1 turned the convex to Reticle R side it is . the 1 2th 
lens group G12 — positive lens L6 of both the convex configuration Negative lens L7 of the meniscus 
configuration where the convex was turned to Reticle R side Positive lens L8 of both the convex configuration 
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from — it is constituted, furthermore, negative lens L9 of the meniscus configuration where the 4th lens group 
G4 arranged following 3rd lens group G3 turned the concave surface to Reticle R side Concave mirror Ml firor, 
— it is constituted. 

[0053] Here, the flux of light from Reticle R forms the middle image of Reticle R between 3rd lens group G3 
and Reticle R in order via the 10th lens group G10, the 1 1th lens group Gl 1 , the 12th lens group G12, the 4th 
lens group G4, the 12th lens group G 12, the 1 1th lens group Gil, and the 10th lens group G 10. the negative 
lens L10 of the meniscus configuration where the 5th lens group G5 turned the concave surface to the middle 
image sequentially from this middle image side, the positive lens LI 1 of both the convex configuration, the 
negative lens L12 of both the concave configuration, the positive lens LI 3 of both the convex configuration, th 
negative lens LI 4 of the meniscus configuration where the concave surface was turned to the middle image 
side, the positive lens L15 of both the convex configuration, and the positive lens LI 6 of both the convex 
configuration — ** — since — it is constituted. 

[0054] Moreover, the 6th lens group G6 arranged following this 5th lens group G5 The positive lens LI 7 of the 
meniscus configuration where the convex was turned to the middle image side sequentially from the middle 
image side, The positive lens LI 8 of both the convex configuration, the negative lens LI 9 of both the concave 
configuration, and the positive lens L20 of the meniscus configuration where the convex was turned to the 
middle image side, The negative lens L2 1 of the meniscus configuration where the convex was turned to the 
middle image side, and the positive lens component L22 of the meniscus configuration where the convex was 
turned to the middle image side, It consists of a negative lens L23 of the meniscus configuration where the 
concave surface was turned to the middle image side, a positive lens L24 of both the convex configuration, and 
a positive lens L25 of the meniscus configuration where the convex was turned to the middle image side. 
Moreover, aperture-diaphragm a is arranged between the 5th lens group G5 and the 6th lens group G6 at this 
time. 

[0055] The value of the item of this example is hung up over following Table 2. In this example, it is 1/4 time 
(contraction) the scale factor of the whole system of this, and the numerical aperture NA by the side of wafer 
W- is 0.57. A lengthwise direction is [ the range of the body quantity from an optical axis Ax ] the die length 2* 
from 48 to 72, and the longitudinal direction of the cata-dioptric system of this example exposure-field on 
Reticle R has the shape of a rectangle of 120. 

[0056] In addition, in Table 2, it is a concave mirror Ml . It is equivalent to the 20th page. By making the 19th 
page (virtual side) and the 20th page into a reflector (refractive index = -1) into this example, creation of the 
expansion optical-path Fig. shown in drawing 5 was enabled. 
[0057] 
[Table 2] 
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d 0 =218.470 



n 



1 269-428 60.000 CaF, 

2 -309. 838 5. 000 

3 -287.784 15.000 S i O, 

4 298. 252 3L 810 

5 319.859 60.000 CaF, 

6 -267. 967 4. 500 

7 -273. 316 20. 000 Si O, 

8 -714. 458 113. 482 

9 1247. 366 16. 200 S i O, 

10 358.307 83.901 

11 1886.366 25.920 CaF, 

12 -409. 348 19. 000 

13 -19L 202 20. 000 S 1 O, 

14 -460. 687 15. 474 

15. 402. 149 33. 000 SI O, 

16 -903. 948 201. 807 

17 -197. 350 15. 000 SI O, 

18 231663.902 20.000 

19 0.000 0.000 <E@pH 

20 314.319 20.000 EMfiS Mi 

21 231563. 902 15. 000 S I O, 

22 197. 350 201. 807 

23 903.948 33.000 Si O, 

24 -402. 149 15. 474 

25 460. 687 20. 000 SI O, 

26 191.202 19.000 

27 409.348 25.920 CaF, 

28 1886. 369 83. 901 

29 -358. 307 16. 200 SI O, 
30. -1247. 366 113. 482 

31 714.458 20.000 S I O, 

32 273. 316 4. 500 

33 267.967 60.000 CaF, 

34 -319. 859 31. 810 

35 -298. 252 15.000 SI O, 

36 287. 784 5. 000 

37 309.838 60.000 CaF, 

38 -269. 428 183. 470 

39 -227.267 20.000 CaF, 

40 -391.498 3.645 

41 617. 033 45. 000 S I O, 
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42 -292. 147 46. 222 

43 -259. 118 15. 000 SlOi 

44 408,199 18. 785 

45 146L463 45.000 CaFi 

46 -250.187 7.000 

47 -223. 680 18. 000 SI O, 

48 -526. 047 56. 717 

49 936.544 45.000 CaFi 
50. 406. 507 590. 310 

51 795.462 29.000 SIO, 

52 -1984. 285 10. 000 

53 0.000 10.000 ranttO a 

54 230. 009 32. 805 SlOi 

55 1447. 955 5. 000 

56 613.320 35.000 CaF, 

57 -1494. 241 7. 137 

58 -694.448 40.000 SIO, 

59 478. 128 5. 000 

60 372.847 48.067 CaF, 

61 2287. 239 0. 100 

62 100. 159 42. 562 Si O, 

63 80. 943 9. 000 

64 86.320 28.964 S i O, 

65 1884. 561 4. 000 

66 -401. 131 17. 580 SiO, 

67 -2761. 121 0, 100 

68 508.419 21.383 S i O, 

69 -577. 558 0. 100 

70 647.419 15.000 SIO, 

71 3939. 247 15. 000 



The value corresponding to conditions is shown below. 

(1) JYQ/Ylh 0.97(2) |beta|= 0.25(3) P4=M).01(4) P3+P5+P6+P7= 0.00855(5) |P3+P4+P5+P6+P7|=- 0.00145(6) 
|P1+P2|= 0.00001 drawing 5 (a) It is the longitudinal aberration Fig. of the 2nd example. Pra\ying.5 (b) The 
chromatic-aberration-of-magnification Fig. of the 2nd example, and drawing 5 (c) It is the transverse aberration 
Fig. of the 2nd example. NA expresses numerical aperture all over each aberration Fig., and Y expresses image 
quantity. Moreover, Signs J, P, and Q show that wavelength is 193.0nm, 192.9nm, and 193.1nm, respectively. 
And drawing 5 (a) It sets and a broken line expresses the amount of violations of sine condition in spherical 
aberration, in astigmatism, a broken line expresses the meridional image surface and a continuous line expresse 
the sagittal image surface, respectively. Drawing 5 (c) In the shown transverse aberration Fig., the figure 
indicated in the upper part in each comatic- aberration Fig. expresses body quantity, and especially RAND 
expresses the time of the body quantity 0. 

[0058] Drawing 5 (a) - (c) In this example, many shown aberration Figs, show that many aberration is amended 
good in a large field, though it is the big numerical aperture NA 0.57. Moreover, drawing.5 (a) - (c) Many 
shown aberration Figs, show that the chromatic aberration of a shaft top and a scale factor is also amended gooi 
in the range of 0. lnm wavelength width of face in this example. 

[0059] Though it is very big numerical aperture according to each example according to this invention the 
above passage, it is a concave mirror Ml . It is possible to offer the cata-dioptric system by which many 
aberration was amended good in the small and large exposure field. And in the 1st example, it is a concave 
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mirror Ml . A diameter can be made about into 330. In the 2nd example, it is a concave mirror Ml. A diameter 
can be made about into 210. Moreover, miniaturizing is possible also about the diameter of the dioptric lens of 
each example. 

[0060] Moreover, at each above-mentioned example, it is the optical-path folding mirror M2 as an optical-path 
deflection means. Since it is the configuration arranged near the middle image which the 1 st image formation 
optical system Gl forms, it is the optical-path folding mirror M2. Effect of the receiving eccentric error of the 
1st and 2nd image formation optical system Gl and G2 can be lessened. Moreover, at eadi above-mentioned 
example, it is the optical-path folding mirror M2. Since the path of the flux of light which reaches a reflector 
becomes small, it is the optical-path folding mirror M2. The miniaturization of the very thing can be attained. 
Therefore, optical-path folding mirror M2 Since electric shielding of the flux of light to depend can be lessened 
there is also an advantage which can attain expansion-ization of an exposure field. 

[0061] Furthermore, at each example, it is the optical-path folding mirror M2. Since it is considering as the 
configuration led to the 2nd image formation optical system G2 after deflecting 90 degrees of flux of lights 
from the 1st image formation optical system Gl , there is an advantage which can perform easily eccentric 
adjustment with the 1st image formation optical system Gl and the 2nd image formation optical system G2. 
Moreover, in each example, if this aperture-diaphragm a is constituted so that it may become diameter of 
opening adjustable since aperture-diaphragm a can be arranged between the 5th lens group G5 in the 2nd image 
formation optical system G2, and the 6th lens group G6, exposure by the NA adjustable (or mho adjustable) cai 
also be attained. 

[0062] In addition, optical-path folding mirror Ml of the 1st and 2nd above-mentioned examples When taking 
instead the configuration which uses a beam splitter, the body quantity from the optical axis Ax on Reticle R 
can also perform one-shot exposure which uses within the limits (usable [ within the limits of -76 ] in the 1st 
example) of 0-72. 
[0063] 

[Effect of the Invention] according to this invention the above passage — the miniaturization of the aperture of i 
concave mirror — it can attain - in addition - and after fully securing the working distance, high numerical 
aperture is realizable. 

[Translation done.] 
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[Drawing 5] 
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[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The 1st image formation optical system which forms the middle image of the 1st page, 

The 2nd image formation optical system which forms the image of said middle image on the 2nd page, 

It is arranged in the optical path in which it results from said 1st image formation optical system to said 2nd 

image formation optical system, and has the 1st optical-path deviation member which leads the light from said 

1 st image formation optical system to said 2nd image formation optical system, 

Said 1st image formation optical system has the 4th lens group G4 which has 3rd lens group G3 which has 
forward refractive power at least as a whole, and the negative lens component which turned the concave surface 
to said concave mirror and 1 st page side, 

Said 3rd lens group G3 contains at least the 10th lens group G10 which has forward refractive power, the 1 1th 
lens group Gil which has negative refractive power, and the 12th lens group G12 which has forward refractive 
power sequentially from said 1 st page side, 

And said light from the 1 st page is drawn in order of said 1 0th lens group G 1 0, said 1 1 th lens group Gil, said 
12th lens group G12, said 4th lens group G4, said 12th lens group G12, said 1 1th lens group Gil f and said 10th 
lens group G 10, 

The synthetic scale factor of said 1 st image formation optical system and said 2nd image formation optical 

system is cata-dioptric system characterized by being a contraction scale factor, 

[Claim 2] Said 2nd image formation optical system is the cata-dioptric system according to claim 1 
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characterized by having a contraction scale factor. 

[Claim 3] Claim 1 characterized by arranging said 1st optical-path deviation member in the location which is 
among the optical path between said 1 st page and said 3rd lens group G3, and swerved from the optical axis o: 
said 3rd lens group G3, and cata-dioptric system given in two. 

[Claim 4] Said 2nd image formation optical system is cata-dioptric system given in claim 1 characterized by 
having the 5th lens group G5 of forward refractive power, and the 6th lens group G6 of forward refractive 
power thru/or any 1 term of 3. 

[Claim 5] Cata-dioptric system according to claim 4 characterized by arranging an aperture diaphragm in the 
optical path between said 5th lens groups G5 and said 6th lens groups G6. 

[Claim 6] Said 1st image formation optical system has the 7th lens group G7 arranged in the optical path 
between said 1st page and said 3rd lens group G3, 

This 7th lens group G7 is cata-dioptric system given in claim 1 characterized by having the pre-group of 
forward refractive power, and the back group of negative refractive power sequentially from said 1 st page side 
thru/or any 1 term of 5. 

[Claim 7] Cata-dioptric system according to claim 6 characterized by arranging said 1st optical-path deviation 
member in the location which is among the optical path between said 3rd lens group G3 and said 7th lens 
groups G7, and swerved from the optical axis of said 7th lens group G7, 

[Claim 8] When setting to Yl the image quantity of said middle image in which sets the height of the body on 
said 1st page to YO, and image formation is carried out by said 1st image formation optical system, 
0.4<|Y0/Y1|<1.2 

Cata-dioptric system given in claim 1 characterized by being satisfied thru/or any 1 term of 7. 
[Claim 9] The optical material which constitutes said 2nd image formation optical system is cata-dioptric 
system given in claim 1 characterized by being at least two kinds of optical materials with which variances 
differ mutually thru/or any 1 term of 8. 

[Claim 10] For said 6th lens group G6 in said 2nd image formation optical system, said 5th lens group G5 in 
said 2nd image formation optical system is cata-dioptric system given in claim 1 characterized by including th 
positive lens component which consists of low distribution glass thru/or any 1 term of 9 including the negative 
lens component which consists of high distribution glass, and the positive lens component which consists of lo 
distribution glass. 

[Claim 1 1] Cata-dioptric system given in claim 1 characterized by arranging the 2nd optical-path deviation 
member which deflects said light from the 1st page between said 1st page and said 3rd lens group G3 in said 1 
image formation optical system in order to make parallel said 1 st page and said 2nd page thru/or any 1 term of 
10. 

[Claim 12] Cata-dioptric system according to claim 1 1 characterized by arranging the 1st page and said said 2i 
page so that said normal of the 1 st page and said normal of the 2nd page may make a right angle to the gravity 
direction. 

[Claim 13] Cata-dioptric system given in any 1 term of claim 1 characterized by arranging the 1st optical-path 

deviation member and the 3rd optical-path deviation member which deflects the light which went via said 1st 

optical-path deviation member between said 6th lens groups G6 in said 2nd image formation optical system in 

order to carry out said arrangement with the 1st page and said 2nd page to parallel thru/or claim 12. 

[Claim 14] Cata-dioptric system according to claim 13 characterized by said 1st page and said thing [ arrangin; 

the 2nd page horizontally and arranging said 1st page more nearly up than said 2nd page ]. 

[Claim 15] Cata-dioptric system given in claim 1 characterized by preparing the field diaphragm from which tl 

image formation area size on said 2nd page serves as adjustable in the location of the middle image formed 

between said 1 st image formation optical system and said 2nd image formation optical system thru/or any 1 

term of 1 4. 

[Claim 16] Cata-dioptric system given in claim 1 characterized by preparing the filter which makes the depth c 
focus deep into the optical path near [ said ] the concave mirror in said 1st image formation optical system, or 
the optical path of said 2nd image formation optical system thru/or any 1 term of 15. 
[Claim 1 7] Cata-dioptric system given in claim 1 characterized by arranging an aperture diaphragm in the 
optical path of a near [ said concave mirror in said 1st image formation optical system )» or the optical path of 
said 2nd image formation optical system thru/or any 1 term of 1 5. 

[Claim 1 8] In the projection aligner which carries out projection exposure on the substrate with which the 
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pattern formed in the reticle was applied to the sensitization object through projection optics, 

The projection aligner with which said projection optics is characterized by being cata-dioptric system given ii 

any 1 term of claim 1 thru/or claim 1 7. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0043 

[Method of Amendment] Modification ^ 
[Proposed Amendment] 

[0043] Next, the numerical example of the cata-dioptric system of this invention is explained. In the following 
numerical examples, lens arrangement is expressed in an expansion optical-path Fig., as shown in drawing 4 
and drawing 6. In an expansion optical-path Fig., a reflector is expressed as a transparency side and each optic 
element is arranged by the order which the light from Reticle R passes. Moreover, the plane virtual side is usee 
in the reflector of the lieberkuhn. And as it is shown in drawing 4 since the configuration and spacing of a lens 
are expressed for example, the field through which it will pass by the time the light injected from Reticle R 
reaches Wafer W is made into the i-th page (i= 1, 2, ....) one by one, using the pattern side of Reticle R as the 
0th page. Here, it is the radius of curvature ri of the i-th page. A sign just takes the case where a convex is 
turned to Reticle R in an expansion optical-path Fig. Moreover, it is di about the spacing of the i-th page and a 
** (i+1) side. It carries out. Moreover, it is Si02 as ** material. A fused quartz is expressed and it is CaF2. 
Fluorite is expressed. The refractive index to the criteria-for-use-of-food-additives wavelength (193.0nm) of a 
fused quartz and fluorite is as follows. 
Fused quartz: 1.56019 
Fluorite: 1.50138 

Moreover, 1/of the variances nu is as follows. 
Synthetic quartz: 1780 
Fluorite : 2550 

However, the variance in the inside of an example is a variance of **0.1nm to criteria-for-use-of-food-additive 
wavelength (193.0nm). 
[The 1 st example] 

The 1st example by this invention is explained with reference to drawing 4. Drawing 4 is the expansion optical 

path Fig, of the cata-dioptric system in the 1st example. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0044 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0044] positive lens LI of both the convex configuration where the 7th lens group G7 is the 8th lens group G8 
sequentially from Reticle R side when the lens configuration of each lens group shown in drawing 4 is 
explained Negative lens L2 of both the concave configuration that is the 9th lens group G9 from — it is 
constituted, positive lens L3 of both the convex configuration where 3rd lens group G3 arranged following the 
7th lens group G7 is the 10th lens group G10 Negative lens L4 of the meniscus configuration where the conve? 
was turned to the reticle R side which is the 1 1th lens group Gl 1 Positive lens L5 of both the convex 
configuration that is the 12th lens group G12 from — it is constituted, furthermore, negative lens L6 of the 
meniscus configuration where the 4th lens group G4 arranged following 3rd lens group G3 turned the concave 
surface to Reticle R side Concave mirror Ml from — it is constituted. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0049 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0049] In addition, it sets to this example shown in Table 1, and is the optical-path folding mirror M2. It is 
located in the 7th page and the 28th page. Moreover, in Table 1 , it is a concave mirror Ml . It is equivalent to th 
18th page. By making the 17th page (virtual side) and the 18th page into a reflector (refractive index = -1) into 
this example, creation of the expansion optical-path Fig. shown in drawing 4 was enabled. 
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[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0050 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0050] 

[Table 1] 

dO - 1 00.000 

r d ** material 

1 608.570 40.000 CaF2 

2 -535.784 35.737 
3-767.542 15.000 Si02 

4 583.270 35.000 

5 0.000 20.000 Virtual Side 

6 0.000 15.000 Virtual Side 

7 0.000 67.394 Virtual Side 

8 1932.142 40.000 CaF2 
9-501.972 223.395 

10 2599.069 15.000 Si02 

11 491.076123.036 

12 883.255 30.000 Si02 

13 -2160.911 187.657 

14 0.000 160.860 Virtual Side 

15 -281.482 15.000 Si02 

16 -3684.750 70.000 

17 0.000 0.000 Virtual Side 

1 8 441 .367 70.000 Concave Mirror Ml Considerable 

19 3684.750 15.000 Si02 

20 281.483 160.860 

21 0.000 187.657 Virtual Side 

22 2160.911 30.000 Si02 

23 -883.255 123.036 
24-491.07615.000 Si02 

25 -2599.068 223.395 

26 501.972 40.000 CaF2 
27-1932.142 67.394 

28 0.000 15.000 Virtual Side 

29 0.000 20.000 Virtual Side 

30 0.000 80.000 Virtual Side 

31 3884.731 30.000 Si02 

32 -1381.698 0.100 

33 391.241 30.000 CaF2 

34 -352.648 5.000 

35 -340.120 24.000 Si02 

36 348.160 11.200 

37 6861.792 24.000 Si02 

38 490.913 10.907 

39 865.932 30.000 CaF2 

40 -440.248 3.766 

41 -326.951 35.000 Si02 
42-669.448 0.100 

43 490.606 35.000 CaF2 
44-3123.854 672.921 
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45 681.761 40.000 Si02 

46 -8251.041 8.000 

47 0.000 8.000 Aperture Diaphragm A 

48 596.576 45.000 Si02 

49 664.912 1.260 

50 276.060 72.842 CaF2 

51 12512.845 18.900 

52 -523.686 106.927 Si02 

53 -728.219 0.513 

54 704.707 33.464 CaF2 

55 -2768.356 0.367 

56 154.151 69.820 Si02 

57 131.256 12.825 

58 148.970 44.938 Si02 

59 1416.567 4.200 
60-1306,088 22.680 Si02 

61 6140.209 1.920 

62 1077.774 30.410 Si02 

63 604.397 2.252 

64 326.875 29.808 Si02 

65 5403.630 15.000 

The value corresponding to conditions is shown below. 

(1) |Y0/Y1|= 0.97 

(2) |beta|= 0.25 

(3) P4= -0.00689 

(4) P3+P5+P6+P7= 0.00608 

(5) |P3+P4+P5+P6+P7|= -0.00081 

(6) |P1+P2|= 0.00000 

Drawing 5 (a) It is the longitudinal aberration Fig. of the 1st example, and is drawing 5 (b). The chromatic- 
aberration-of-magnification Fig. of the 1st example, and drawing 5 (c) It is the transverse aberration Fig. of th( 
1st example. NA expresses numerical aperture all over each aberration Fig., and Y expresses image quantity. 
Moreover, Signs J, P, and Q show that wavelength is 193.0nm, 192.9nm, and 193.1 run, respectively. And 
drawing 5 (a) It sets and a broken line expresses the amount of violations of sine condition in spherical 
aberration, in astigmatism, a broken line expresses the meridional image surface and a continuous line express 
the sagittal image surface, respectively. Drawing 5 (c) In the shown transverse aberration Fig., the figure 
indicated in the upper part in each comatic-aberration Fig. expresses body quantity, and especially RAND 
expresses the time of the body quantity 0. 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 005 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0051] Drawing 5 (a) - (c) In this example, many shown aberration Figs, show that many aberration is amende 
good in a large field, though it is the big numerical aperture NA 0.57. Moreover, drawing 5 (a) - (c) Many 
shown aberration Figs, show that the chromatic aberration of a shaft top and a scale factor is also amended goc 
in the range of 0.1 nm wavelength width of face in this example. 
[The 2nd example] 

The 2nd example by this invention is explained with reference to drawing 6. Drawing 6 is the expansion 

optical-path Fig. of the cata-dioptric system by the 2nd example. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0052 

[Method of Amendment] Modification 
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[Proposed Amendment] 

[0052] When the lens configuration of each lens group shown in drawing 6 is explained, it consists of a 10th 
lens group G 10, an 1 1th lens group Gl 1, and a 12th lens group G12 sequentially from Reticle R side, here - tb 
10th lens group G10 — positive lens LI of both the convex configuration Negative lens L2 of both the concave 
configuration Positive lens L3 of both the convex configuration Negative lens L4 of the meniscus configuratioi 
where the concave surface was turned to Reticle R side from - it is constituted, moreover, negative lens L5 of 
the meniscus configuration where the 1 1 th lens group Gl 1 turned the convex to Reticle R, side it is . the 1 2th 
lens group G12 — positive lens L6 of both the convex configuration Negative lens L7 of the meniscus 
configuration where the convex was turned to Reticle R side Positive lens L8 of both the convex configuration 
from — it is constituted, furthermore, the 4th lens group G4 arranged following 3rd lens group G3 — a negative 
lens L9 and concave mirror Ml from — it is constituted. 
[Procedure amendment 8] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0056 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0056] In addition, in Table 2, it is a concave mirror Ml . It is equivalent to the 20th page. By making the 19th 

page (virtual side) and the 20th page into a reflector (refractive index = -1) into this example, creation of the 

expansion optical-path Fig. shown in drawing 6 was enabled. 

[Procedure amendment 9] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0057 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0057] 

[Table 2] 

dO =218.470 

r d n 

1 269.428 60.000 CaF2 

2 -309.838 5.000 

3 -287.784 15.000 Si02 

4 298.252 31.810 

5 319.859 60.000 CaF2 

6 -267.967 4.500 

7 -273.316 20.000 Si02 

8 -714.458 113.482 

9 1247.366 16.200 SiQ2 

10 358.307 83.901 

11 1886.366 25.920 CaF2 
12-409.348 19.000 

13 -191.202 20.000 Si02 

14-460.687 15.474 

15 402.149 33,000 Si02 

16- 903.948 201.807 

17- 197.350 15.000 Si02 

18 231563.902 20.000 

1 9 0.000 0.000 Virtual Side 

20 314.319 20.000 Concave Mirror Ml Considerable 

21 231563.902 15.000 Si02 

22 197.350 201 ? 807 

23 903.948 33.000 Si02 

24 -402.149 15.474 

25 460.687 20.000 Si02 
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26 191.202 19.000 

27 409.348 25.920 CaF2 

28 1886.369 83.901 

29 -358.307 16.200 Si02 
30-1247.366 113.482 

31 714.458 20.000 Si02 

32 273.316 4.500 

33 267.967 60.000 CaF2 

34 -319.859 31.810 

35 -298.252 15.000 Si02 

36 287.784 5.000 

37 309.838 60.000 CaF2 
38-269.428 183.470 

39 -227.267 20.000 CaF2 

40 -391.496 3.645 

41 617.033 45.000 Si02 

42 -292.147 46.222 

43 -259.118 15.000 Si02 

44 408.199 18.785 

45 1461.463 45.000 CaF2 

46 -250.187 7.000 

47 -223.680 1 8.000 Si02 

48 -526.047 56.717 

49 936.544 45.000 CaF2 

50 406.507 590.310 

51 795.462 29.000 Si02 
52-1984.285 10.000 

53 0.000 10.000 Aperture Diaphragm A 

54 230.009 32.805 Si02 

55 1447.955 5.000 

56 613.320 35.000 CaF2 
57-1494.241 7.137 

58 -694.448 40.000 Si02 

59 478.128 5.000 

60 372.847 48.067 CaF2 

61 2287.239 0.100 

62 100.159 42.562 Si02 

63 80.943 9.000 

64 86.320 28.964 Si02 

65 1884.561 4.000 

66- 401.131 17.580 Si02 

67- 2761.121 0.100 

68 508.419 21.383 Si02 

69 -577.558 0.100 

70 647.419 15.000 Si02 

71 3939.247 15.000 

The value corresponding to conditions is shown below. 

(1) |Y0/Y1|= 0.97 

(2) |beta|= 0.25 

(3) P4= -0.01 

(4) P3+P5+P6+P7= 0.00855 

(5) |P3+P4+P5+P6+P7|= -0.00145 

(6) |P1+P2|= 0.00001 
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Drawing 7 (a) It is the longitudinal aberration Fig. of the 2nd example, and is drawing 7 (b). The chromatic- 
aberration-of-magnification Fig. of the 2nd example, and drawing 7 (c) It is the transverse aberration Fig. of tl 
2nd example. NA expresses numerical aperture all over each aberration Fig,, and Y expresses image quantity. 
Moreover, Signs J, P, and Q show that wavelength is 193.0nm, 192.9nm, and 193.1nm, respectively. And 
drawing 7 (a) It sets and a broken line expresses the amount of violations of sine condition in spherical 
aberration, in astigmatism, a broken line expresses the meridional image surface and a continuous line express 
the sagittal image surface, respectively. Drawing 7 (c) In the shown transverse aberration JFig., the figure 
indicated in the upper part in each comatic-aberration Fig. expresses body quantity, and especially RAND 
expresses the time of the body quantity 0. 
[Procedure amendment 10] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0058 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0058] Drawing 7 (a) - (c) In this example, many shown aberration Figs, show that many aberration is amende 
good in a large field, though it is the big numerical aperture NA 0.57. Moreover, drawing 7 (a) - (c) Many 
shown aberration Figs, show that the chromatic aberration of a shaft top and a scale factor is also amended goc 
in the range of 0.1 nm wavelength width of face in this example. 



[Translation done.] 
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